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(54) METHOD FOR PRODUCING ARTICLE HAVING PREDETERMINED SURFACE SHAPE, AND 
OPTICAL WAVEGUIDE ELEMENT 



(57) To provide an article which can be produced at 
a low cost, is excellent in heat resistance, chemical re- 
sistance and dimensional accuracy, and has a predeter- 
mined surface shape, an optical waveguide which has 
high heat resistance and chemical resistance, a large 
difference in refractive index, small absorption at a com- 
munication wavelength of a near infrared range, relia- 
bility and a low loss at an optical communication range, 
and production processes therefor. 

A process for producing an article having a prede- 
termined surface shape by disposing a sol-gel material 



between a substrate and a mold in the form of a film so 
as to make the sol-gel material closely contact with the 
substrate and the mold, and heating to form a gelled film 
having a surface shape which is the inversion of the sur- 
face shape of the mold on the surface of the substrate. 
When the sol-gel material contains at least one of a di- 
al kyldialkoxysilane (or dialkyldihalogensilane) and an 
aryltrialkoxysilane or substituted aryltrialkoxysilane (or 
aryltrihalogensilane or substituted aryltrihalogensilane), 
and f luoroalkyltrialkoxysilane (orfluoroalkyltrihalogensi- 
lane), an article having a predetermined surface shape 
can be produced by the above process. 
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Description 

Detailed Description of the Invention 

Field of the Invention 

[0001] The present invention relates to a process for 
producing articles having a predetermined fine uneven 
portion on the surface of a substrate, particularly fine 
optical elements and information recording medium 
substrates. 

Description of the Prior Art 

[0002] CD-ROMs and other information recording 
media, and optical parts such as planar microlenses (an 
array of microlenses arranged on a substrate in parallel 
or zigzags), Fresnel lenses, diffraction grating elements 
and optical waveguide elements must have a predeter- 
mined fine uneven portion on the surface. The fine un- 
even portion on the surface serves as a pit or tracking 
guide in an information recording medium and as ami- 
crolens or diffraction grating for converging or diffusing 
light in an optical part. 

(1 ) To form the uneven portion on the surface, there 
is known a process in which an ultraviolet curable 
resin is uniformly spread over a substrate and irra- 
diated with ultraviolet radiation while a mold having 
an uneven portion is pressed against the resin to 
form a resin film having a surface shape which is 
the inversion of the surface shape of the mold on 
the substrate (JP-A 63-49702) (the term "JP-A" as 
used herein means an "unexamined published Jap- 
anese patent application"). 

(2) There is also known a production process in 
which a hydrolysis solution prepared from a metal 
alcoholate is pressed against a transfer mold and 
cured by heat and light (JP-A 62-102445, JP-A 
62-225273 and JP-A 1 0-1 4241 0). For example, JP- 
A 62-1 02445 discloses a so-called sol-gel produc- 
tion process in which a solution containing silicon 
alkoxide is applied to the surface of a glass sub- 
strate and heated while a mold having an uneven 
portion is pressed against the solution to form a 
gelled film having a surface shape which is the in- 
version of the surface shape of the mold on the sur- 
face of the substrate. 

(3) WO99/39890 discloses a process for producing 
an article having a 1u,m to 1 mm thick single layer 
and an uneven surface with an unevenness of 1 to 
40 jim by a sol-gel production process. That is, it 
teaches a process for producing an article having 
an uneven surface by adhering a sol-gel material 
containing dimethyldiethoxysilane and phenyltri- 
ethoxysilane between a substrate and a mold, ar- 
ranging it into the form of a film and heating to form 
a gelled film having a surface shape which is the 
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inversion of the surface shape of the mold on the 
surface of the substrate. 

[0003] As for optical waveguide elements, there are 
s known optical waveguide elements which are produced 
from organic materials such as (4) PMMA (Ryoko 
Yoshimura. J. of Lightwave Technology, Vol. 16, No. 6, 
1998), (5) a polyimide and (6) a silicon-based polymer 
(Mitsuo Usui, J. of Lightwave Technology, Vol. 14, No. 
10 10,1 996) by photolithography and etching in addition to 
optical waveguide elements produced from inorganic 
materials. 

Problems to be solved by the Invention 

15 

[0004] However, the above prior arts have the follow- 
ing problems to be solved. First, in the above process 
(1 ), the ultraviolet curable resin decomposes or yellows 
at a temperature higher than 250° C due to its low heat 
20 resistance. Therefore, the substrate having an uneven 
portion of the ultraviolet curable resin cannot be applied 
to heat processing such as soldering and difficult to be 
attached to a device. 

[0005] In the process (2), the gelled film (organopol- 
25 ysiloxane layer) has high heat resistance and can be 
soldered. This is a method for forming a laminate by 
molding organopolysiloxane layers one after another, 
which makes it possible to form an organopolysiloxane 
layer having an uneven surface and a thickness of sev- 
30 eral tens of micrometers. However, this production proc- 
ess is long, thereby boosting costs. Further, since the 
next layer is formed after an underlying layer is com- 
pletely cured, undesired air is easily contained between 
the moid and the solution or sol with the result of low 
35 dimensional accuracy of the uneven portion. 

[0006] The process (3) is capable of forming a film as 
thick as 1 ujn to 1 mm. However, it is difficult to peel off 
an organopolysiloxane film from the mold due to low re- 
leasability with the mold when the mold having an une- 
to ven shape as large as 40 urn or more is to be released 
after it is pressed against the sol-gel material and heat- 
ed. As a result, the process has such problems that part 
of the film remains on the mold and that there is a big 
dimensional error between the surface shape of the film 
45 and the surface shape of the mold. 

[00071 As f° r optical waveguides, optical waveguide 
elements produced from inorganic materials have high 
reliability but cannot be mass-produced at a low cost. 
As for optical waveguide elements produced from the 
so above organic materials (4) to (6), there are few mate- 
rials which have satisfactory heat resistance and a com- 
plicated step such as photolithography or etching is 
needed to form a core portion for transmitting light. 
[0008] The present invention has been made in view 
55 of the above problems of the prior art. 

[0009] It is an object of the present invention to pro- 
vide an article which can be produced at a low cost, and 
has excellent heat resistance and dimensional accuracy 
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and a more uneven surface than that of the prior art, for 
example, an unevenness of 1 to 500 It is another 
object of the present invention to provide an optical 
waveguide which has high heat resistance and small ab- 
sorption at a communication wavelength of a near infra- 
red range, and is satisfactory for reliability and a low loss 
at an optical communication range. 
[001 0] It is still another object of the present invention 
to provide an industrially advantageous process for pro- 
ducing the above article and optical waveguide of the 
present invention. 

[0011] Other objects and advantages of the present 
invention will become apparent from the following de- 
scription. 

Means for solving the Problems 

[0012] Firstly, according to the present Invention, the 
above objects and advantages of the present invention 
are attained by a process for producing an article having 
a predetermined surface shape, which comprises dis- 
posing a sol-gel material between a substrate and a 
mold in the form of a film so as to make the sol-gel ma- 
terial closely contact with the substrate and the mold, 
and heating the film to form a gelled film having a surface 
shape which is the inversion of the surface shape of the 
mold on the surface of the substrate, said sol-gel mate- 
rial containing at least one of (A) a silane compound rep- 
resented by the following formula (1) and (B) a silane 
compound represented by the following formula (2), and 
(C) a silane compound represented by the following for- 
mula (3): 

R 1 2 SIX 2 (1) 

wherein R 1 is an alkyl group and X is an alkoxyl group 
or halogen atom, 

R 2 SiY 3 (2) 

wherein R 2 Is an aryl group or substituted aryl group and 
Y is an alkoxyl group or halogen atom, 

R 3 SiZ 3 (3) 

wherein R 3 is a fluorine-containing alkyl group and Z is 
an alkoxyl group or halogen atom. 
[0013] Secondly, the above objects and advantages 
of the present invention are attained by an article having 
a predetermined surface shape, which comprises a sub- 
strate and an organopolysiloxane film having a maxi- 
mum thickness of 1 pjn to 1 mm formed on the surface 
of the substrate, wherein 

the organopolysiloxane film contains as essential 



ingredients at least one of a dialkylsiloxane represented 
by the following formula (4) and an arylsiloxane (or sub- 
stituted arylsiloxane) represented by the following for- 
mula (5), and (6) a fluoroalkylsiloxane represented by 
5 the following formula (6): 

R 4 aSIO^ (4) 

10 wherein R 4 is an alkyl group, 

R 5 Si0 3/2 (5) 

15 wherein R 5 is an aryl group or substituted aryl group, 

R 6 Si0 3/2 (6) 

20 wherein R 6 is a fluorine-containing alkyl group. 

[0014] Thirdly, the above objects and advantages of 
the present invention are attained by an optical 
waveguide element which has a 10 jim to 1 mm thick 
organopolysiloxane film formed on the surface of a sub- 

25 strate, the organopolysiloxane film being an optical 
waveguide which comprises a core portion for transmit- 
ting light, having a height of 5 to 30 \im, a width of 5 to 
30 pm and length extending along the surface of the or- 
ganopolysiloxane film and a clad portion surrounding 

30 the core portion and having a lower refractive index than 
the core portion, wherein 

the organopolysiloxane film contains at least one 
of a dialkylsiloxane represented by the following formula 
(7) and an arylsiloxane or substituted arylsiloxane rep- 

35 resented by the following formula (8), and a fluoroalkyl- 
siloxane represented by the following formula (9) as es- 
sential ingredients: 

40 R? 2 Si0 2/2 < 7 > 

wherein R 7 is an alkyl group, 
45 FfsiOaa (8) 

wherein R 8 is an aryl group or substituted aryl group, 
so R 9 Si0 3/2 (9) 

wherein R 9 is a fluorine-containing alkyl group. 
[0015] In the present invention, the sol-gel material 
contains at least one of the silane compound (to be re- 
55 f erred to as "component (A)° hereinafter) represented 
by the above formula (1) and the silane compound (to 
be referred to as "component (B)" hereinafter) repre- 
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sented by the above formula (2), and the silane com- 
pound (to be referred to as "component (C)" hereinafter) 
represented by the above formula (3). 
[0016] In the above formula (1), R 1 is an alkyl group 
and X is an alkoxyl group or halogen atom. The alkyl 
group represented by R 1 may be linear or branched and 
is preferably an alkyl group having 1 to 3 carbon atoms. 
The alkoxyl group represented by X may be linear or 
branched and is preferably an alkoxyl group having 1 to 
4 carbon atoms. The halogen atom represented by X is 
fluorine, chlorine or bromine. X is particularly preferably 
an alkoxyl group having 1 to 3 carbon atom or chlorine 
atom. 

[0017] Preferred examples of the component (A) in- 
clude dialkyldialkoxysilanes such as dimethyldiethox- 
ysilane, dimethyldimethoxysilane, diethyldiethoxysilane 
and diethyldimethoxysilane; and dialkyldihalidesilanes 
such as dimethyldichlorosilane, dlmethyldibromosilane, 
dielhyldichlorosilane and diethyldibromosilane. Con- 
densates of the above monomers having a condensa- 
tion degree of 2 to 10 may be used in addition to these 
monomers. When one of the above condensates is 
used, the amount of the monomer of the condensate is 
used as the amount of the component (A). 
[0018] In the silane compound (component (B)) rep- 
resented by the above formula (2), R 2 is a substituted 
or nonsubstituted aryl group and Y is an alkoxyl group 
or halogen atom. The nonsubstituted aryl group is pref- 
erably an aryl group having 6 to 13 carbon atoms such 
as phenyl, biphenyl and naphthyl. The substituent of the 
aryl group is preferably an alkyl group having 1 to 3 car- 
bon atoms or halogen atom. Examples of the aryl group 
substituted with the above substituent include tolyi, xylyl 
and chlorophenyl. Examples of the alkoxyl group and 
halogen atom represented by Y are the same as those 
enumerated for X of the formula (1). 
[001 9] Examples of the silane compou nd represented 
by the above formula (2) (component (B)) include tri- 
alkoxysilanes having a phenyl group orsubstituted phe- 
nyl group such as phenyltriethoxysilane, phenyltrimeth- 
oxysilane, triethoxysilane having a substituted phenyl 
group with a halogen atom, for example, a chlorine atom 
substituted for some of the hydrogen atoms of a phenyl 
group and trimethoxysilane having the same substituted 
phenyl group as described above; phenyltrichlorosilane 
and trichlorosilane having a substituted phenyl group 
with a halogen atom, for example, a chlorine atom sub- 
stituted for some of the hydrogen atoms of a phenyl 
group; tolyltrimethoxysilane and tolyltriethoxysilane; 
tolyltrichlorosilane; xylyltrimethoxysilane and xylyltri- 
ethoxysilane: xylyltrichlorosilane; biphenyitrimethoxysi- 
lane and biphenyitriethoxysilane; and biphenyltrichlo- 
rosilane. Condensates of these monomers having a 
condensation degree of 2 to 1 0 may also be used in ad- 
dition to the above monomers. When one of the above 
condensates is used, the amount of the monomer of the 
condensate is used as the amount of the component (B). 
[0020] In the silane compound (component (C)) rep- 
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resented by the above formula (3), R 3 is a linear or 
branched alkyl group, preferably an alkyl group having 
3 to 5 carbon atoms. The silane compound is preferably 
a trialkoxysilane having an fluorine-containing alkyl 

5 group with a fluorine atom substituted for 3 or more of 
the hydrogen atoms of an alkyl group (or trihalogensi- 
lane). Examples of the alkoxyl group and the halogen 
atom represented by Z in the above formula (3) are the 
same as those enumerated for X of the formula (1). 

10 [0021] In the component (C), the alkyl group may be 
linear or branched and is preferably an alkyl group hav- 
ing 3 to 5 carbon atoms. The component (C) is prefera- 
bly a trialkoxysilane having a fluorine-containing alkyl 
group with a fluorine atom substituted for 3 or more of 

*5 the hydrogen atoms of an alkyl group or trihalogensi- 
lane. Preferred examples of the component (C) include 
(S^.S-trifluoropropyOtrimethoxysiiane, (3,3,3-trifluoro- 
propyljtrichlorosilane and (tridecafluoro-1 ,1 ,2,2-tet- 
rahydrooclyl)lriethoxysilane. Condensates of these 

20 monomers having a condensation degree of 2 to 10, 
such as poty-3,3,3-trifluoropropylmethylsiloxane having 
a condensation degree of 5 may also be used in addition 
to the above monomers. A copolymer of 3,3,3-trifluoro- 
propylmethylsiloxane and dimethylsiloxane (molar ratio 

25 of 1 :1 ) having a condensation degree of 1 0 may be used 
alone as the component (A) and the component (C). 
When one of the above condensates is used, the 
amount of the monomer of the condensate is used as 
the amount of the component (C). 

30 [0022] When an alkoxysilane having methoxy or 
ethoxy as an alkoxyl group is used as the above com- 
ponents (A), (B) and (C), an alcohol formed by a hydro- 
lytic reaction is easily volatilized advantageously. A pre- 
ferred combination of the components (A), (B) and (C) 

35 of the sol-gel material is a combination of dimethyldi- 
alkoxysilane, phenyltrialkoxysilane and (3,3,3-trifluoro- 
propyl)trimethoxysilane. 

[0023] In the present invention, at least one, prefera- 
bly both of the components (A) and (B), and the compo- 
se nent (C) are used as raw materials for the sol-gel mate- 
rial. An alkyl group such as methyl (or aryl group orsub- 
stituted aryl group, such as phenyl group or substituted 
phenyl group) and fluoroalkyl group remain in large 
quantities in the film finally obtained by coating the sub- 
45 strate with these. Since the methyl group (or phenyl 
group orsubstituted phenyl group) and fluoroalkyl group 
serve to provide elasticity to the film by reducing the fra- 
gility of the film, they can suppress thermal stress gen- 
erated in the interior of the film, thereby preventing the 
so cracking of the film and the peeling off of the film from 
the substrate of an article. 

[0024] A case where the component (A) is a dimeth- 
yldialkoxysilane, the component (B) is a trialkoxysilane 
containing a phenyl group and the component (C) is a 
55 fluoroalkyltrialkoxysilane will be taken as an example to 
illustrate the present invention. 
[0025] Since the film structure of the present invention 
contains at least one of dimethylsiloxane (derived from 
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a dimethyldialkoxysilane) and a phenyl group-contain- 
ing siloxane (derived from a phenyl group-containing tri- 
al koxysilane), and afluoroalkylsiloxane (derived from a 
fluoroalkyltrialkoxysilane), adhesive force between the 
film and the mold or the friction coefficient of the adhe- 
sive surface is reduced, thereby making it possible to 
provide excellent releasability as well as high elasticity 
and high-temperature stability. Therefore, the film can 
be molded by compression, extrusion and injection 
molding due to improved process ability. A film having 
an uneven surface with an unevenness of more than 
100 um which has been difficult to be released from the 
mold in the prior art can be released from the mold and 
molded without leaving part of the film on the mold. 
[0026] When the film structure of the present inven- 
tion contains dimethylsiloxane and fluoroalkylsiloxane 
(derived from a fluoroalkyltrialkoxysilane), a trialkoxysi- 
lane is connected to the terminals of a linear dimethyl- 
dialkoxysilane extending in a fibrous manner three-di- 
mensionally, whereby room is formed in the three-di- 
mensional skeleton and this film structure further pro- 
vides elasticity to the film and reduces the fragility of the 
film, thereby making it possible to form a thick film. 
[0027] When the film structure of the present inven- 
tion contains a phenyl group-containing siloxane and a 
fluorine-containing alkylsiloxane, the phenyl group is 
bulky enough to provide elasticity to the skeleton struc- 
ture of an oxide contained in the film by reducing the 
fragility of the film and also has stability at high temper- 
atures due to its conjugated system compared with oth- 
er organic groups. Therefore, the film does not discolor 
or crack even at 300° C. For example, a film which con- 
tains a cyclohexyltrialkoxysilane having a cyclohexyl 
group without a conjugated system substituted for a 
phenyl group and a fluoroalkyltrialkoxysilane discolors 
and cracks at a temperature of 2 to 300°C. 
[0028] The raw materials for the sol-gel material pref- 
erably include 0 to 95 mol% of the component (A), 0 to 
95 mol% of the component (B) (the total of the compo- 
nents (A) and (B) is 30 to 95 mol%), and 5 to 70 mol% 
of the component (C) based on the total n umber of mols 
of the components (A), (B) and (C). 
[0029] The amount of the component (A) is more pref- 
erably 30 to 60 mol% (therefore, the amount of the com- 
ponent (B) is 0 to 65 mol%). The amount of the compo- 
nent (B) is more preferably 10 to 50 mol% (therefore, 
Ihe amount of the component (A) is 30 to 60 mol%). The 
amount of the component (C) is more preferably 10 to 
50 mol% (therefore, the total of the components (A) and 
(B) is 50 to 90mol%). 

[0030] When the component (A) is contained in an 
amount of 30 mol% or more, the flexibility of the obtained 
film is enhanced and there is no possibility that the film 
cracks at the time of final heating or cooling after final 
heating even if the film thickness is 20 urn or more. 
When the amount of the component (A) is 60 mol% or 
less, the film is easily formed in the end by preventing 
the volatilization of the components of the film at the time 



of final heating (baking). When the amount of the com- 
ponent (B) is smallerthan 1 0 mol%, the film hardly cures 
and most of the components volatilize at the time of final 
heating (baking) and the film is hardly formed in the end. 

5 When the amount of the component (B) is larger than 
50 mol%, the flexibility of the film is impaired and a film 
having a thickness of 20 ujti or more easily cracks at the 
time of final heating or cooling after final heating. When 
the amount of the component (C) is smaller than 10 

10 mol%, a releasing effect is lost and when the amount of 
the component (C) is larger than 50 mol%, releasability 
becomes too high, whereby the adhesion of the film to 
the substrate is lost and the film peels off from the sub- 
strate when the film is formed on glass or the like. 

15 [0031] When an alkoxysilane having an organic group 
otherthan the above, for example, a mixture of dimeth- 
yldimethoxysilane and vinyltriethoxysilane is used as a 
raw material for the sol-gel material, the heat resistance 
of the obtained film becomes so low that the obtained 

20 film thermally decomposes at 300° C or less. 

[0032] When a tetraalkoxysilane is used as the only 
raw material, when an alkyltrialkoxysilane is used as the 
only raw material and when a mixture of dialkyldialkox- 
ysilane and alkyltrialkoxysilane is used as the raw ma- 

25 terial, the stress of the obtained film grows after final 
heating, whereby the film cracks if it has a thickness of 
20 ujti or more. 

[0033] The raw materials for the sol-gel material in the 
present invention are a mixture of at least one of the 

30 components (A) and (B) and the component (C), and an 
alcohol as a solvent. The alcohol to be added is a lower 
alcohol having 1 to 4 carbon atoms, particularly prefer- 
ably methanol or ethanol having a low boiling point. The 
reason for this is that the alcohol can be removed from 

35 the solution swiftly by heating at a relatively low temper- 
ature after hydrolysis. The amount of the alcohol added 
is preferably 0.3 to 3 times, more preferably 0.5 to 1.5 
times the total number of mols of the components (A), 
(B) and (C). 

40 [0034] The raw materials for the sol-gel material in- 
clude a catalyst for hydrolyzing the components (A), (B) 
and (C). The catalyst is preferably an acid catalyst. Pre- 
ferred examples of the acid catalyst include formic acid, 
acetic acid, tetrafluoroacetic acid, propionic acid, oxalic 

45 acid, hydrochloric acid, nitric acid and sulfuric acid. At 
least one of the above acid catalysts Is preferably used 
in the form of an aqueous solution. If the amount of the 
acid catalyst added which differs according to the type 
of the acid and the strength (weak or strong acid) of pro- 

so tonic acid is too small, the proceeding of hydrolytic and 
dehydration/condensation reactions will become slow 
and if the amount is too large, the condensation reaction 
will proceed too far, the molecular weight will become 
too large, and the gelation of a precipitate or coating so- 

55 lution will readily occur disadvantageous!^ To ensure 
that the above solution for forming a film should contain 
the silane compounds (A), (B) and (C) in the form of un- 
hydrolysates in amounts of 0.5 to 40 % and 0.5 to 60 % 
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based on the amounts of the silane compounds (A), (B) 
and (C) contained in the above raw material solution, 
respectively, organic acids which are weak acids out of 
the above acid catalysts are preferably used. Out of the 
organic acids, formic acid is particularly preferred be- 
cause it has a small molecular weight and easily evap- 
orates. The amount of the acid catalyst to be added Is 
preferably 0.5 to 5 mmol, more preferably 0.7 to 2 mmol 
based on 1 mol of the total of the components (A), (B) 
and (C) when formic acid is used as the acid catalyst. 
[0035] It is preferred to add water in an amount more 
than a stoichiometric amount required for hydrolysis. 
When the amount of water is smaller than the stoichio- 
metric amount, the unreacted silane compounds (A), (B) 
and (C) easily volatilize during a heat treatment for ge- 
lation. The amount of water including water of the aque- 
ous solution of the catalyst Is generally 1 .1 to 30 times 
the required stoichiometric amount and the molar ratio 
thereof lo the total of the components (A), (B) and (C) 
is preferably 2:1 to 20:1, more preferably 3:1 to 10:1. 
When the optical element of the present invention is lo- 
cated in close vicinity to a memory or other electronic 
circuit, if chlorine is contained in the optical element of 
the present invention, it may shorten the service life of 
the electronic circuit. Therefore, it is preferred to use an 
acid catalyst containing no chlorine. 
[0036] In the present invention, a solution containing 
at least one of the components (A) and (B), the compo- 
nent (C), alcohol solvent, water and catalyst as the raw- 
materials for the sol-gel material is maintained at room 
temperature for 90 to 1 20 minutes under agitation to hy- 
drolyze the alkoxysiianes so as to prepare a sol-gel ma- 
terial. When a film having a final thickness of 30 urn or 
less is to be formed, this sol-gel material is used. When 
a film having a final thickness of more than 30 urn is to 
be formed and when it is necessary to further enhance 
releasability depending on the material and shape of the 
mold, it is desired to promote a dehyd ratio n/polyconden- 
sation reaction by maintaining the solution at room tem- 
perature to 140° C, preferably 70 to 100° C for 6 to 30 
hours and to vaporize and evaporate the solvent and 
water contained in the solution and an alcohol and water 
which are dehydration/polycondensation reaction prod- 
ucts. As a result, the mass and volume of the solution 
decrease to 25 to 35 wt% and volume % of the initial 
mass and volumethereof. Thereby, the shrinkage of the 
formed film is suppressed as much as possible to pre- 
vent the cracking of the film and to enable the formation 
of a cured film without forming air bubbles in the film at 
the time of final heating. If the hydration/polycondensa- 
tion reaction proceeds too far, the viscosity of the solu- 
tion will become too high, thereby making it difficult to 
coat the surface of the mold or the substrate. If the hy- 
dration/polycondensation reaction proceeds insuffi- 
cient, the formation of air bubbles in the fifcm at the time 
of final heating cannot be prevented. It is preferred to 
control the proceeding of the dehydration/polyconden- 
sation reaction by selecting temperature and retention 



time to control the viscosity of the solution to 1 0 3 poise 
or less. 

[0037] Two typical processes for molding an optical 
element covered with a gelled film having a surface 
5 shape which is the inversion of the surface shape of the 
mold by adhering the above sol-gel material between 
the substrate and the mold, arranging it into the form of 
a film and heating are given below. 
[0038] The first process (to be referred to as "mold 
10 pouring process" hereinafter) comprises pouring a sold- 
gel material solution into a mold, heating, contacting the 
substrate of an article to the material and further heating 
to bond the molded film to the substrate, releasing the 
mold and finally heating the film. That is, the mold having 
'5 a fine uneven shape is maintained horizontal, the liquid 
sol-gel material having a viscosity of 10 3 poise or less 
is poured into the mold to fill depressed portions of the 
mold. In place of pouring, the mold may be immersed in 
a bath of the sol-gel material, or the sol-gel material so- 
20 lution may be applied to the surface of the mold with a 
brush. In this state, a dehydration/polycondensation re- 
action is promoted by maintaining the sol-gel material 
at 140 to 180°C for 20 to 120 minutes until the viscosity 
of the sol-gel material spread over the mold becomes 
25 1 0 4 to 10 8 poise. 

[0039] Thereafter, the substrate is brought into close 
contact with the mold so that the sol-gel material con- 
tacts the surface of the substrate without forming any 
gap therebetween, and maintained at 140 to 180° C for 
30 1 o to 1 20 minutes to almost complete the dehydration/ 
polycondensation reaction of the sol-gel material for ge- 
lation. By removing and releasing the mold, a polysi- 
loxane film, a soft gelled film having an uneven surface 
shape which is the inversion of the uneven surface 
35 shape of the mold is formed on the substrate in such a 
manner that it is bonded to the surface of the substrate. 
When the mold is released too early, the polysiloxane 
film is too soft and its uneven surface shape is deformed 
by its own weight. Therefore, the above heating is car- 
40 ried out until this deformation does not occur. 

[0040] The film is finally heated at 180 to 350° C for 
10 to 150 minutes to polycondense the residual silanol 
group of the polysiloxane film and vaporize water 
formed by polycondensation, whereby the film slightly 
45 shrinks in volume in a thickness direction to become a 
fine film. Thus, an optical element or other article cov- 
ered with a film having a surface shape which is the in- 
version of the surface shape of the mold is obtained. 
[0041 ] The second process (to be referred to as "sub- 
so strate pouring process" hereinafter) comprises pouring 
the sol-gel material solution directly over the surface of 
the substrate, heating, pressing a mold against the film 
on the surface of the substrate of an article when the 
liquid film achieves plasticity (the viscosity of the liquid 
55 becomes about 1 0 4 to 10 8 poise), heating in this state, 
transfer molding, releasing the mold and finally heating 
the film. That is, the su rf ace to be coated of the substrate 
of the article is maintained horizontal, and the liquid sol- 
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gel material having a viscosity of 10 3 poise or less is 
poured overthe substrate and spread overthe substrate 
into the form of a film having a predetermined thickness. 
In this state, a deny d rati on/polycondensation reaction is 
promoted by maintaining the sol-gel material at 140 to 
180° C for 20 to 120 minutes until the viscosity of the 
poured sol-gel material becomes 10 4 to 10 8 poise. The 
mold having a fine uneven surface shape is pressed 
against the film-like sol-gel material and maintained at 
a pressure of 0.5 to 120 kg/cm 2 and a temperature of 
160 to 350° C for 60 seconds to 60 minutes to almost 
complete the dehydration/polycondensation reaction of 
the sol-gel material for gelation. By removing the mold, 
a polysiloxane film, a gelled film having an uneven sur- 
face shape which is the inversion of the uneven surface 
shape of the mold is formed on the substrate in such a 
manner that it is bonded to the surface of the substrate. 
It is finally heated at 1 80 to 350° C for 1 0 to 1 50 minutes 
to polycondense the residual silanol group of the polysi- 
loxane film and vaporize water formed by this poly- 
condensation, whereby the film slightly shrinks in vol- 
ume in a thickness direction to become a fine film. Thus, 
an optical element, such as CD-ROM or other informa- 
tion recording medium, planar microlens (an array of mi- 
crolenses arranged on a substrate in parallel or zig- 
zags), Fresnel lens, optical elements such as diffraction 
grating element or optical waveguide element, or other 
article covered with a film having a surface shape which 
is the inversion of the surface shape of the mold is ob- 
tained. 

[0042] As for the above mold, the flat surface of a 
glass substrate is etched precisely to form a concave 
mold having a target shape, for example. A convex met- 
al mother die can be produced by electroless plating and 
electrolytic plating using this as a master mold. A convex 
metal master mold can be produced by the above plat- 
ing using the above concave mold as a mother die and 
further a concave metal mother die can be produced by 
the above plating using this master mold. These convex 
and concave mother dies can be used as molds. In the 
above plating, a metal such as nickel or chromium is 
preferably used. A resin mother die may be fabricated 
from an ultraviolet curable resin by 2P molding using the 
master mold produced by the above method and used 
as a mold. 

[0043] Thus, according to the present invention, an 
organopolysiloxane film having a heat resistance of 
350°C, a maximum thickness (thickness measured at a 
convex portion of the surface) of 1 urn to 1 mm, prefer- 
ably 20 to 150 ujti and a refractive index of 1 .50 to 1 .54 
which is close to that of general glass, and whose fine 
concave and convex portions having a predetermined 
width (pitch of unevens) of 1 to 500 ujti and a predeter- 
mined height of 5 to 500 u.m are formed on the main 
surface or in a direction perpendicular to the main sur- 
face is formed on a flat plate-like or curved plate-like 
substrate. 

[0044] Preferably, the organopolysiloxane forming 



this film contains a dialkylsiloxane represented by the 
above formula (4) in an amount of 0 to 95 mol%, an ar- 
ylsiloxane (or substituted aryisiloxane) represented by 
the above formula (5) in an amount of 0 to 95 mol% (the 

5 total of these components is 30 to 95 mol%), and a fluor- 
oalkylsiloxane represented by the above formula (6) in 
an amount of 5 to 70 mol% based on the total number 
of mols of the dialkylsiloxane represented by the above 
formula (4), the arylsiloxane represented by the above 

to formula (5) and the fluoroalkylsiloxane represented by 
the above formula (6). More preferably, the organopol- 
ysiloxane contains the dialkylsiloxane in an amount of 
30 to 60 mol%, the arylsiloxane (or substituted arylsi- 
loxane) in an amount of 10 to 50 mol%, and the fluoro- 

15 alkylsiloxane in an amount of 1 0 to 50 mol%. The orga- 
nopolysiloxane forming this film contains the alkyl group 
(such as methyl) of the dialkylsiloxane in an amount of 
5 to 25 wt%, preferably 1 5 to 22 wt%, the aryl group or 
substituted aryl group (such as phenyl group or substi- 

20 tuted phenyl group) of the arylsiloxane in an amount of 
5 to 40 wt%, preferably 26 to 37 wt%, and the f luoroalkyl 
group of the fluoroalkylsiloxane in an amount of 5 to 40 
wt%, preferably 26 to 37 wt%. 

[0045] This film hardly cracks because it has high 
25 elasticity (low fragility) and high strength. Foaming is not 
observed in the interior of the film at the time of molding, 
whereby excellent transferability can be realized with 
the result of high dimensional accuracy of the fine une- 
ven surface shape of the film. Since the film contains a 
30 f luoroalkyl group, it has excellent releasability from the 
mold. In concrete terms, when a large number of convex 
portions having a height of 20 to 100 u,m are formed, 
nonuniformity in height among the convex portions on 
the surface of the film is 1 u,m or less. The deviation of 
35 the interval between the convex portions on the surface 
from that of the mold is below measurement accuracy 
(0.2 urn). 

[0046] The substrate used in the present invention 
may have any shape such as a flat plate-like or curved 

40 plate-like shape. The substrate preferably has a warp 
(length of thermal deformation in a direction perpendic- 
ular to the surface of the substrate per unit length in the 
surface direction of the substrate) of the surface at 200 
and 20° C of ±5 urn or less per 1 cm. When the warp is 

45 beyond this range, the film may peel off from the sub- 
strate at the interface or may crack in the molding step. 
Therefore, it is preferred to select the material, size and 
shape of the substrate. 

[0047] This substrate preferably has a linear expan- 
50 sion coefficient of 1 .5 x 1 0* 5 /° C or less. When the linear 
expansion coefficient of the substrate is larger than 1.5 
x 10*5/° c : in the case of a plastic substrate having a 
high thermal expansion coefficient such as polypropyl- 
ene (9 to 15 x 10" 5 /° C), the film may peel off from the 
55 substrate at the interface or may crack in the step of 
forming an organopolysiloxane film. Ordinary inorganic 
glass has a linear expansion coefficient of 1.5 x 10' 5 /° 
C or less. At least the surface of the substrate is made 
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from an oxide. When the surf ace of the substrate in con- 
tact with the organopolysiloxane film is not made from 
an oxide, adhesion strength tends to be low in the film 
formation step, whereby the film may peel off from the 
substrate at the interface in any case. Preferred exam- 
ples of the material of the substrate include oxide glass- 
es such as silicate-based glass, boric acid-based glass 
and phosphoric acid-based glass, quartz, ceramics, sil- 
icon, metals, epoxy resins and glass f iber reinforced pol- 
ystyrene. Although the organopolysiloxane film is hardly 
bonded to a metal as it is, if the surface of the metal is 
treated with an oxidizing agent in advance, the metal 
can be used as the substrate. 
[0048] When a transparent body which transmits light 
having a desired wavelength, such as visible light, ultra- 
violet light or infrared light is used as the substrate in 
the present invention, the article having a predeter- 
mined surface shape of the present Invention can serve 
as a transmission optical element such as a lens, dif- 
fraction grating or prism. When a transparent or opaque 
body is used as the substrate, a metal (such as alumi- 
num or silver) or dielectric film (such as magnesium flu- 
oride or titanium oxide) is formed on the organopolysi- 
loxane film to suitably manufacturing a reflection type 
diffraction grating, a reflection type optical element such 
as a Fresnel reflector, CD-ROM or other information re- 
cording medium. 

[0049] A description is subsequently given of the ma- 
terial of the optical waveguide element of the present 
invention. 

[0050] As for the material of the optical waveguide el- 
ement of the present invention, the above material hav- 
ing a predetermined surface shape of the present inven- 
tion is preferably used. That is, the polyorganosiloxane 
film of the present invention contains at least one of a 
dialkylsiloxane represented by the above formula (7) 
and an arylsiloxane (or substituted arylsiloxane) repre- 
sented by the above formula (8) and a fluoroalkylsi- 
loxane represented by the above formula (9). That is, 
the above organopolysiloxane film contains the above 
dialkylsiloxane in an amount of 0 to 95 mol%, the aryl- 
siloxane or substituted arylsiloxane in an amount of 0 to 
95 mol% (total of the dialkylsiloxane and the arylsi- 
loxane or substituted arylsiloxane is 30 to 95 mol%) and 
the fluoroalkylslloxane in an amount of 5 to 70 mol% 
based on the total number of mols of the dialkylsiloxane 
represented by the above formula (7), the arylsiloxane 
represented by the above formula (8) and the fluoro- 
alkylsiloxane represented by the above formula (9). 
[0051 ] A polyorganosiloxane containing the dialkylsi- 
loxane represented by the above formula (7) has a lower 
refractive index than a polyorganosiloxane containing 
the arylsiloxane (or substituted arylsiloxane) represent- 
ed by the above formula (8). The f luoroalkylsiloxane rep- 
resented by the above formula (9) has a lower refractive 
index than the dialkylsiloxane represented by the above 
formula (7). Therefore, a material containing relatively 
large amounts of the dialkylsiloxane represented by the 



above formula (7) and thefluoroalkylsiloxane represent- 
ed by the above formula (9) may be used in the clad 
portion of the optical waveguide element of the present 
invention. Particularly the above organopolysiloxane 

5 film of the clad portion preferably contains 30 to 60 mol% 
of the dialkylsiloxane and 40 to 70 mol% of the fluoro- 
alkylsiloxane. A material containing a larger amount of 
the arylsiloxane (or substituted arylsiloxane) represent- 
ed by the above lormula (8) than the material of the clad 

10 portion may be used in the core portion. Particularly the 
above organopolysiloxane film of the core portion pref- 
erably contains 40 to 70 mol% of the arylsiloxane orsub- 
stituted arylsiloxane and 30 to 60 mol% of the fluoro- 
alkylslloxane. 

15 [0052] Thereby, the core portion of the obtained opti- 
cal waveguide element has a 0.002 to 0.20 larger re- 
fractive Index than that of the clad portion. Phenylsi- 
loxane has a refractive index of 1 .471 , dimethylsiloxane 
has a refractive index of 1 .381 , and fluorine-containing 

20 alkylsiloxane has a refractive index of 1 .360. Since the 
CH bond of an aromatic ring in the phenyl group or sub- 
stituted phenyl group represented by the above formula 
(8) and the CH group bonded to Si which is the heavy 
atom of the dimethylsiloxane represented by the above 

25 formula (7) have absorption at a wavelength different 
from the ordinary alkyl CH group (having absorption at 
1.55 u.m and 1.3 urn which are communication wave- 
lengths), a material having a low loss at a communica- 
tion wavelength band of a near infrared range is ob- 

30 tained. A sol-gel material comprising the dialkylsiloxane 
represented by the above formula (7), for example, 
dimethylsiloxane and the aryt(or substituted aryl)si- 
loxane represented by the above formula (8), for exam- 
ple, phenyl(or substituted phenyl)siloxane has heat re- 
35 sistance. As this waveguide contains fluorine, it has ex- 
tremely high durability against chemicals and can fur- 
ther improve heat resistance. Therefore, the dehydra- 
tion/condensation reaction can be carried out to the full- 
est extent by raising the treatment temperature at the 
40 time of production and the existence of the residual OH 
group having absorption at a communication wave- 
length band can be prevented, thereby providing a ma- 
terial having a lower loss. 

[0053] A description is subsequently given of the 
45 process for forming the optical waveguide element of 
the present invention. 

[0054] The first process (the above mold pouring 
process) comprises pouring a sold-gel material solution 
into a mold having a groove as a concave portion, heat- 
50 jng, contacting a substrate to the material and further 
heating to bond the substrate to the molded film, releas- 
ing the mold and finally heating. The thus formed orga- 
nopolysiloxane film of the present invention has a thin 
and long convex portion and serves as a channel type 
55 optical waveguide. 

[0055] The second process (the above mold pouring 
process) comprises pouring a sol-gel material solution 
containing relatively large amounts of a dialkyldialkox- 
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ysilane (or dialkyldihalogensilane) and a fluoroalkylsi- 
lane (or fluorine-containing halogensilane) into a mold 
having a thin and long convex portion, heating, contact- 
ing a substrate to the material and further heating to 
bond the substrate to the molded film. The organopoly- 
siloxane film formed by releasing the mold has a groove 
as a concave portion. This concave portion is filled with 
a material having a higher refractive index than a mate- 
rial forming the concave portion (a sol-gel material con- 
taining more phenylsiloxane than the material forming 
the concave portion) to serve as a stepped optical 
waveguide. 

[0056] The third process (above mold pouring proc- 
ess) comprises pouring a sold-gel material solution con- 
taining a relatively large amount of a silsesquioxy group 
containing an alkyl group and a fluoroalkyl group into a 
mold having a thin and long convex portion, heating, 
contacting a substrate to the material and further heat- 
ing lo bond the substrate to the molded film. An organ- 
opolysitoxane film having a concave portion is formed 
by releasing the mold. The concave portion is filled with 
a material having a higher refractive index than a mate- 
rial forming the concave portion (a sol-gel material con- 
taining more phenylsiloxane than the material forming 
the concave portion) and coated with a material having 
the same refractive index as the material forming the 
concave portion. The thus formed organ opolysiloxane 
film having a core portion and a clad portion serves as 
an embedded optical waveguide. 

The Preferred Embodiment of the Invention 

[0057] A preferred embodiment of the present inven- 
tion will be described in detail hereinafter. 
[0058] A process for producing an article having afine 
uneven surface is roughly carried out by the following 
procedure. (1 ) preparation of an organopolysiloxane so- 
lution, (2) application of the solution to a mold or a sub- 
strate and heat treatment, (3) bonding, heat treatment 
and mold release, and (4) final heating (baking). 

preparation of organopolysiloxane solutions (solutions 
A and C) 

[0059] 0.075 mol of phenyltriethoxysilane, 0.1 mol of 
dimethyldiethoxysilane and 0.063 mol of (3,3,3-trifluor- 
opropyl)lrimethoxysilane were charged into a beaker 
and stirred. 0.25 mol of ethanol was added to this solu- 
tion and stirred, and an aqueous solution containing 0.1 
wt% of formic acid dissolved in 1.75 mols (31.5 g) of 
water was further added and stirred for 2 hours. At the 
beginning of agitation, the solution was separated into 
two layers but after 2 hours of agitation, the solution be- 
came a transparent homogeneous solution. The thus 
obtained solution was designated as solution C. The so- 
lution C rarely contained raw materials and about 80 % 
of alkoxyl groups (ethoxy or methoxy) initially contained 
in phenyltriethoxysilane, dimethyldiethoxysilane and tri- 



fluoropropylsilane remained as OH groups. When this 
solution C was heated at 80° C in an oven for 6 hours, 
ethanol and water formed from the aqueous solution of 
formic acid and a polycondensation reaction volatilized. 

5 As a result, the solution which initially had a weight of 
about 83.9 g and a volume of about 100 cm 3 was re- 
duced to about 30 % of the initial weight and the initial 
volume, that is, a weight of about 27 g and a volume of 
about 30 cm 3 . The thus obtained solution was designat- 

10 ed as solution A. The solution A rarely contained ethanol 
and water and about 50 % of alkoxyl groups (ethoxy 
andmethoxy) initially contained in phenyltriethoxysi- 
lane, dimethyldiethoxysilane and trifluoropropylsilane 
remained as OH groups. 

15 

preparation of organopolysiloxane solution (solution B) 

[0060] 0.1 9 mol of phenyltriethoxysilane, 0.04 mol of 
dimethyldiethoxysilane and 0.04 mol of (3,3,3-trifluoro- 

20 propyl)trimethoxysilane were charged into a beaker and 
stirred. 0.25 mol of ethanol was added to this solution 
and stirred, and an aqueous solution containing 0.1 wt% 
of formic acid dissolved in 1 .75 mols (31 .5 g) of water 
was further added and stirred for 2 hours. At the begin- 

25 ning of agitation, the solution was separated into two 
layers but after 2 hours of agitation, the solution became 
a transparent homogeneous solution. When this solu- 
tion was heated at 80° C in an oven for 1 2 hours, ethanol 
and water formed from the aqueous solution of formic 

30 acid and a polycondensation reaction volatilized. As a 
result, the solution which initially had a weight of about 
103.3 g and a volume of about 100 cm 3 was reduced to 
about 30 % of the initial weight and the initial volume, 
that is, a weight of about 27 g and a volume of about 30 

35 cm 3 . The thus obtained solution was designated as so- 
lution B. The solution B rarely contained ethanol and wa- 
ter and about 50 % of alkoxyl groups (ethoxy and meth- 
oxy) initially contained in phenyltriethoxysilane, dimeth- 
yldiethoxysilane and trifluoropropylsilane remained as 

40 OH groups. 

preparation of organopolysiloxane solution (solution D) 

[0061] 0.075 mol of bromophenyltrimethoxysilane, 
45 o.1 mol of diethyldimethoxysilane and 0.063 mol of 
(3,3,3-trifluoropropyl)trimethoxysilanewere charged In- 
to a beaker and stirred. 0.25 mol of ethanol was added 
to this solution and stirred, and an aqueous solution con- 
taining 0.1 wt% of formic acid dissolved in 1.75 mois 
so (31 .5 g) of water was further added. At the beginning of 
agitation, the solution was separated into two layers but 
after 3 hours of agitation at 30°C, the solution became 
atransparent homogeneous solution. The thus obtained 
solution was designated as solution D. The solution D 
55 rarely contained raw materials and about 80 % of alkoxyl 
groups (ethoxy and methoxy) initially contained in phe- 
nyltriethoxysilane, dimethyldiethoxysilane and trifluoro- 
propylsilane remained as OH groups. 
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application of solution to mold or substrate and heat 
treatment 

[0062] The above solution A was poured over the sur- 
face of a mold in the mold pouring process or over the 
surface of a substrate in the substrate pouring process 
to form a layer having a thickness of 50 um to 1 mm 
which was then heated at a temperature of 140 to 180° 
C for 20 to 1 20 minutes . The heat treatment temperature 
differs according to the type of the solution. The heat 
treatment of the solution A was started at a temperature 
of 140 to 160° C and the temperature was gradually 
raised to 1 80° C over 20 minutes and maintained at that 
temperature for 40 minutes. Aplastic and transformable 
gelled film (viscosity: 1 0 4 to 1 0 8 poise) could be formed 
on the mold or substrate by the above heat treatment. 

bonding, heat treatment and mold release 

[0063] in the mold pouring process, the above coated 
surface (gelled film) was contacted to the surface of the 
substrate and heated at a temperature of 1 60 to 250° C 
for 20 to 60 minutes to be bonded to the substrate. After 
the coating film was completely gelled, the mold was re- 
leased from the substrate. As a result, a fine uneven 
plate comprising the film having a shape transferred 
from the mold and bonded to the surface of the substrate 
was obtained. 

[0064] In the substrate pouring process, the mold was 
applied to the gelled film and heated at 250° C for 20 
minutes while being pressed at a pressure of 2 kg/cm 2 . 
Thereafter, the mold was released. As a result, a fine 
uneven plate comprising the film having a shape trans- 
ferred from the mold and bonded to the surface of the 
substrate was obtained. 

final heating 

[0065] The fine uneven plate obtained by releasing 
the mold was heated at 350° C for 15 minutes to obtain 
an article having an uneven surface. 
[0066] The performance and characteristic properties 
of the obtained article having an uneven surface were 
evaluated by the following methods. 

measurement of nonunlformlty In height among convex 
portions 

[0067] Nonuniformity in height among convex por- 
tions of the outermost layer was measured by a laser 
microscope. 

measurement of heat resistance and optical properties 

[0068] After a heat resistance test was conducted on 
articles having an uneven surface produced in Exam- 
ples and Comparative Examples by keeping them at 
300° C for 2 hours, the existence of cracks was checked 



by returning the temperature to room temperature to 
evaluate heat resistance. A He-Ne laser was used to 
measure the diffraction pattern of a diffraction grating, 
the convergence of a microlens and the amount of re- 
5 flection in the interior of the substrate at an incident an- 
gle of 6° upon the surface of the substrate before and 
after the heat resistance test for evaluation. The d-ray 
refractive index of a film portion was measured using an 
Abbe refractometer. 

w 

Example 1 

[0069] A 2.5 cm x 2.5 cm soda-lime glass substrate 
having a thickness of 3.0 mm (linear expansion coeffi- 
15 cient of 1 .0 x 1 0" 5 /° C) was subjected to ultrasonic alkali 
cleaning and pure water cleaning as a glass substrate. 
A fine uneven substrate was formed in accordance with 
the mold pouring process using the solution A. A glass 
mold having a total of about 22,500 (1 50 x 1 50) substan- 
20 tially hemispherical arc concave portions with a curva- 
ture radius of 1 20 u,m which were disposed in close con- 
tact with one another in a longitudinal direction and a 
transverse direction was used as a mold. A fine uneven 
substrate which was a microlens with a f ilm thickness in 
25 a flat area after final heating of about 40 um and a max- 
imum film thickness from the top of the hemisphere of 
125 urn was formed. The coating thickness of the solu- 
tion was about 150 pm, a heat treatment after coating 
was started at 1 60° C, and the temperature was gradu- 
30 ally raised to 1 80° C over 20 minutes and maintained at 
that temperature for 40 minutes. The pressing and heat- 
ing conditions included a pressure of 2 kg/cm 2 , a tem- 
perature of 250° C and a time of 20 minutes. The final 
heating conditions included a temperature of 350° C and 
35 a time of 15 minutes. 

[0070] The thus formed organopolysiioxane film was 
transparent and had a flat area thickness of about 140 
urn and a refractive index of 1 .48. A methyl group, phe- 
nyl group and trif luoropropyl group were contained in the 
40 film in amounts of 11 wt%, 21 wt% and 22 wt% respec- 
tively. The film contained dimethylsiloxane in an amount 
of 45 mol%, phenylsiloxane in an amount of 30 mol% 
and trifluoropropylsiloxane in an amount of 25 mol%. 
The focusing distance of the manufactured microlens 
45 was 1 ,947 to 1 ,950 um. When the heights of 1 00 hem- 
ispherical convex portions selected at random of the 
substrate (measured from the opposite side to the con- 
vex portions) were measured, the average height was 
1 50 um and the standard deviation was 0.1 2 urn. When 
so the heat resistance of this substrate was evaluated, the 
film did not crack or peel off, and the focusing distances 
of all the convex portions were in the range of 1 ,947 to 
1 ,950 urn before and after the heat resistance test. 
When parallel beams were input upon the opposite side 
55 of the film at a right angle to measure the diameter of 
the converging spot, the diameters of the converging 
spots of all the convex lenses were 3 um or less before 
and after the heat resistance test. 
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Comparative Example 1 

[0071] Methyltriethoxysilane, phenyltriethoxysilane, 
ethanol and water were mixed together in a molar con- 
centration ratio of 1.5:1:1 :4, and 0.01 mol of formic acid 
was added as a catalyst to the obtained solution, stirred 
at room temperature for about 2 hours and heated at 
80° C for 6 hours to prepare a sol solution. 
[0072] A fine uneven plate was formed in the same 
manner as in Example 1 using the same substrate and 
mold as in Example 1 except that the above sol solution 
was used in place of the solution A used in Example 1 . 
The film thickness of a flat portion was about 35 um. 
When 100 hemispherical convex portions selected at 
random were measured, the average height was 80 um 
and the standard deviation was 1 .50 jim. Although con- 
vex and concave portions were formed, compared with 
Example 1 , the heights of the hemispherical convex por- 
tions were not enough and were only about 40 % of 
those of Example 1 . Nonuniform ity in height among con- 
vex portions in Comparative Example 1 was 10 times 
that of Example 1 according to the calculation result of 
the standard deviation of the 100 measurement data. 
Since nonuniformity was large and the shape of the con- 
vex portion was not hemispherical, the shape of the con- 
verging spot was bad and the focusing distance greatly 
differed by each lens. 

Example 2 

[0073] A fine uneven substrate was formed in accord- 
ance with the substrate pouring process using a glass 
substrate of the same type and the same size as in Ex- 
ample 1 which had been subjected to ultrasonic alkali 
cleaning and pure water cleaning and the solution A. A 
glass mold having 50 tub-like concave portions with a 
substantially semicircular arc section having a curvature 
radius of 1 00 um disposed in close contact with one an- 
other in a vertical direction and coated with a release 
agent was used as a mold. A fine uneven substrate 
which was a microlens having a film thickness in a flat 
area after final heating of about 1 30 ujti and amaximum 
film thickness from the top of the semicircle of 130 um 
was formed. The coating thickness of the solution was 
about 1 50 um, a heat treatment aftercoating was started 
at 160° C, and the temperature was gradually raised to 
1 80° C over 20 minutes and maintained at that temper- 
ature for 40 minutes. The pressing and heating condi- 
tions included a pressure of 2 kg/cm 2 , a temperature of 
250° C and a time of 20 minutes. The final heating con- 
ditions included a temperature of 350°C and a time of 
15 minutes. 

[0074] The thus formed organopolysiloxane film was 
transparent. When the heights of 20 columnar convex 
portions of this substrate selected at random were 
measured, the average height from the surface of the 
substrate was 130 um and the standard deviation was 
0. 1 1 um. When a heat resistance test was made on this 



substrate, cracking did not occur in the film, and no 
changes in the appearance and heights of the convex 
portions of the film, standard deviation thereof and the 
pitch of the convex portions were seen. 

5 

Example 3 

[0075] A 2.5 cm x 2.5 cm silicon echelon diffraction 
grating having an average thickness of 2.0 mm (about 
10 1 ,000 linear projection portions were formed on the sur- 
face of a silicon substrate by masking and etching, in- 
clined surfaces on both sides of each convex portion 
agreed with a silicon crystal surface (1,1,1), the step 
height was 20.15 urn, the step width was 14.3 um, the 
15 interval between adjacent grating lines (measured at 
ridges) was about 24.7 urn, and the flat portion at top of 
each ridge (length of the remaining unetched portion) 
was about 5.0 um) was prepared as a mold. A fine un- 
even plate which was a reflection type echelon diffrac- 
20 tion grating having a film thickness in a flat area (area 
devoid of the linear projection portions) of about 40 um 
was formed using a glass substrate of the same type 
and size as in Example 1 which had been subjected to 
ultrasonic alkali cleaning and pure water cleaning, the 
25 above mold and the solution A in accordance with the 
substrate pouring process. The coating thickness of the 
solution was about 60 um, a heat treatment aftercoating 
was started at 1 60° C, and the temperature was gradu- 
ally raised to 1 80° C over 20 minutes and maintained at 
30 that temperaturefor40 minutes. The pressing and heat- 
ing conditions included a pressure of 2 kg/cm 2 , a tem- 
perature of 250° C and a time of 20 minutes. The final 
heating conditions included atemperature of 350° C and 
a time of 15 minutes. 
35 [0076] The thus formed organopolysiloxane film was 
transparent and had a flat area thickness of about 40 
urn and a refractive index of 1 .48. A methyl group, phe- 
nyl group andtrif luoropropyl group were contained in the 
film in amounts of 11 wt%, 21 wt% and 22 wt% respec- 
40 tivety. The film contained dimethylsiloxane in an amount 
of 45 mol%, phenytsiloxane in an amount of 30 mol% 
and trifluoropropylsiloxane in an amount of 25 mol%. 
When the heights of 100 steps of this fine uneven plate 
were measured at intervals of 9 mm in a lengthwise di- 
45 rection of each of 1 0 linear projection portions selected 
at random, the average height was 20.2 um and the 
standard deviation was 0.05 urn. Thus, a reflection type 
echelon diffraction grating which comprised a fine une- 
ven plate capable of brazing light having a wavelength 
50 of 1 .55 um as 26-th order diffracted light and light having 
a wavelength of 1 .30 pm as 31-st order diffracted light 
efficiently was obtained. When the heat resistance of 
this fine uneven plate was evaluated, cracking did not 
occur in the film, and no changes in the appearance and 
55 the height of each convex portion of the film, standard 
deviation thereof and diffraction pattern were seen be- 
fore and after the heat resistance test. Example 4 
[0077] A 2.5 cm x 2.5 cm silicon substrate having a 
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thickness of 1 .0 mm was subjected to ultrasonic alkali 
cleaning and pure water cleaning as a substrate. A 2.5 
cm x 2.5 cm aluminum plate having a thickness of 2.0 
mm and a thin and long rectangular convex portion hav- 
ing a height of 10 |im, a width of 10 u,m and a length of 
20 mm was prepared as a mold. A plate (film thickness 
of 20 u.m, depth of the concave portion of 8 u.m and width 
of the concave portion of 8 u,m) having a concave portion 
as a clad portion was formed using the above substrate, 
mold and solution A in accordance with the substrate 
pouring process to ensure that the thickness of a film in 
the lowest area (portion in contact with the top of the 
convex portion of the above mold) should become about 
10 urn. A heat treatment after coating was started at 
160° C and the temperature was gradually raised to 
1 80° C over 20 minutes and maintained at that temper- 
ature for 40 minutes. The pressing and heating condi- 
tions included a pressure of 2 kg/cm 2 , a temperature of 
250° C and a lime of 20 minutes. The mold was then 
released, the solution B was poured into the concave 
portion as a core portion and heated at 1 60° C, and the 
temperature was gradually raised to 1 80° C over 20 min- 
utes and maintained at that temperature for 20 minutes. 
The solution A for forming the clad portion was coated 
to a thickness of about 10 ^tm and heated at 250°C for 
20 minutes. 

[0078] The thus formed organopolysiioxane film 
formed on the surface of the substrate was transparent, 
and an optical waveguide having a core portion (com- 
position: 40 mol% of phenylsiloxane and 40 mol% of tri- 
fluoropropylsiloxane) having a height of 8 ujti, a width 
of 8 jim, a length of 20 mm and a high refractive index 
of 1 .40 and a clad portion (composition: 40 mol% of 
dimethylsiloxane and 60 mol% of trlfluoropropylsi- 
loxane) having a low refractive index of 1 .37 and sur- 
rounding the core portion was formed. When the heat 
resistance of this optical waveguide was evaluated, 
cracking did not occur in the film and, and no changes 
in the appearance of the film, the height and width of the 
core portion of the film, standard deviations thereof and 
the transmission of light having a wavelength of 1 .55 urn 
were seen before and after the heat resistance test. 

Example 5 

[0079] A fine uneven substrate which was a mlcrolens 
having a film thickness in a flat area of about 130 jim 
and a maximum film thickness from the top of the sem- 
icircle of 1 30 urn was formed in the same manner as in 
Example 2 using the same substrate and mold as in Ex- 
ample 2 except that the solution D was used in place of 
the solution A used in Example 2. The heights of the 
columnar convex portions of this substrate and the 
standard deviation thereof were the same as those in 
Example 2. When the heat resistance of this substrate 
was evaluated, cracking did not occur in the film, and 
no changes in the appearance and the heights of the 
convex portions of the film, standard deviation thereof 



and the pitch of the convex portions were seen. 
Example 6 

5 [0080] A fine uneven plate which was a reflection type 
echelon diffraction grating was formed in the same man- 
ner as in Example 3 using the same substrate and mold 
as in Example 3 except that the solution C was used in 
place of the solution A used in Example 3. 

to [0081] When the diffraction efficiency of this diffrac- 
tion grating was measured, it was 65 % which was al- 
most the same as the diffraction efficiency (67 %) of a 
silicon echelon diffraction grating which was amold. 
When the heat resistance of this fine uneven plate was 

15 evaluated, cracking did not occur in the film, and no 
changes in the appearance and the heights of the con- 
vex portions of the film, standard deviation thereof and 
diffraction pattern were seen before and after the heat 
resistance test. To measure the diffraction efficiency of 

20 this diffraction grating, a gold (Au) reflection coating film 
having a reflectance of 60 % (wavelength of 1 ,550 nm) 
was formed on the surface of the diffraction grating by 
sputtering. 

25 Example 7 

[0082] A fine uneven substrate was formed in accord- 
ance with the mold pouring process using a glass sub- 
strate of the same type and size as in Example 1 which 

30 had been subjected to ultrasonic alkali cleaning and 
pure water cleaning and the solution A. A glass mold 
having a total of about 784 (28 x 28) substantially hem- 
ispherical arc convex portions having a curvature radius 
of 865 u,m and disposed in close contact with one an- 

35 other in a longitudinal direction and a transverse direc- 
tion was used as a mold. A fine uneven substrate which 
was a microlens having a film thickness in a flat area 
after final heating of about 1 00 urn and a maximum film 
thickness from the top of the hemisphere of 1 85 u.m was 

40 formed. The coating thickness of the solution was about 
450 u,m, a heat treatment after coating was started at 
160° C, and the temperature was gradually raised to 
180° C over 20 minutes and maintained at that temper- 
ature for 40 minutes. The pressing and heating condi- 

45 tions included a pressure of 2 kg/cm 2 , a temperature of 
250° C and a time of 20 minutes. The final heating con- 
ditions included a temperature of 350° C and a time of 
15 minutes. 

[0083] The thus formed organopolysiioxane film was 
50 transparent and had a flat area thickness of about 1 40 
urn and a refractive index of 1 .48. A methyl group, phe- 
nyl group and trif luoropropyl group were contained in the 
film in amounts of 11 wt%, 21 wt% and 22 wt% respec- 
tively. The film contained dimethylsiloxane in an amount 
55 of 45 rnol%, phenylsiloxane in an amount of 30 mol% 
and trifluoropropylsiloxane in an amount of 25 mol%. 
The focusing distance of the manufactured microlens 
was 2,497 to 2,500 um. When the heights of 1 00 hem- 
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ispherical convex portions selected at random of this 
substrate (measured from the opposite side to the con- 
vex portions) were measured, the average height was 
450 urn and the standard deviation was 0.1 2 um When 
the heat resistance of this substrate was evaluated, the 
film did not crack or peel off, and the focusing distances 
of all the convex portions were in the range of 2,497 to 
2,500 ujti before and after the heat resistance test. 
When parallel beams were input from the opposite side 
of the film at a right angle to measure the diameter of 
the converging spot, the diameters of the converging 
spots of all the convex lenses were o ;im or less before 
and after the heat resistance test. 

Comparative Example 2 



Claims 



10 



15 



A process for producing an article having a prede- 
termined surface shape, which comprises dispos- 
ing a sol-gel material between a substrate and a 
mold in the form of a film so as to make the sol-gel 
material closely contact with the substrate and the 
mold, and heating the film to form a gelled film hav- 
ing a surface shape which is the inversion of the 
surface shape of the mold on the surface of the sub- 
strate, said sol-gel material containing at least one 
of (A) a silane compound represented by the follow- 
ing formula (1) and (B) a silane compound repre- 
sented by the following formula (2), and (C) a silane 
compound represented by the following formula (3): 



[0084] Dimethyldiethoxysilane s phenyltriethoxysi- 
lane, ethanol and water were mixed together in a molar 
concentration ratio of 1 .5:1 :1 :4, and 0.01 mol of formic 
acid was added as a catalyst to the obtained solution, 
stirred at room temperature for about 2 hours and heat- 
ed at 80° C for 6 hours to prepare a sol solution. 
[0085] A fine uneven plate was formed in the same 
manner as in Example 7 using the same substrate and 
mold as in Example 7 except that the above sol solution 
was used in place of the solution A used in Example 7. 
The film thickness in a flat portion was about 100 um 
However, when 100 hemispherical convex portions se- 
lected at random were measured, the average height 
was 400 u,m and the standard deviation was 0.60 u.m. 
Although convex and concave portions were formed, 
compared with Example 7, a release failure occurred in 
part of the film and 80 % of all the convex portions had 
a predetermined height. Nonuniformity in height among 
convex portions in Comparative Example 2 was 5 times 
larger than that of Example 7 according to the calcula- 
tion result of the standard deviation of the 100 measure- 
ment data. Lenses having the film released from the 
mold showed the same focusing distance as in Example 
7 while lenses having a release failure which accounted 
for 20 % of all the lenses were not hemispherical and 
the shape of the converging spot was bad and could not 
be measured. 

[0086] According to the present invention, since the 
volume shrinkage of the polysiloxane film at the time of 
curing is small and an aJkyl group or aryl group remains 
in the film in large quantities to provide high elasticity to 
the film (less fragile), the film has high strength and rare- 
ly cracks. Further, since the film contains fluorine, it has 
excellent releasabilrty with a mold. Therefore, an article 
and an optical waveguide which have high heat resist- 
ance and chemical resistance and a predetermined sur- 
face shape thanks to a thick organopolysiloxane film can 
be obtained at a low cost. 



R 1 -SIX, 



(1) 
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wherein R 1 is an alkyl group and X is an alkoxyl 
group or halogen atom, 



R 2 SiY 3 



(2) 



wherein R 2 is an aryl group or substituted aryl group 
and Y is an alkoxyl group or halogen atom, 



R 3 SiZ 3 



(3) 



wherein R 3 is a fluorine-containing alkyl group and 
Z is an alkoxyl group or halogen atom. 

2. The process of claim 1 , wherein the sol-gel material 
contains 0 to 95 mol% of the component (A), 0 to 
95 mol% of the component (B) and 5 to 70 mol% of 
the component (C) based on the total number of 
mols of the components (A), (B) and (C), with the 
proviso that the total amount of the components (A) 
and (B) is 30 to 95 mol%. 

3. The process of claim 2, wherein the sol-gel material 
contains 30 to 60 mol% of the component (A). 

4. The process of claim 2 or 3, wherein the sol-gel ma- 
terial contains 10 to 50 mol% of the component (B). 

5. The process of any one of claims 1 to 4, wherein 
the component (A) is dimelhyldiethoxysilane, the 
component (B) is phenyltriethoxysilane or substitut- 
ed phenyltriethoxysilane, and the component (C) is 
(3,3,3-trifluoropropyl)trimethoxysilane. 

An article having a predetermined surface shape, 
which comprises a substrate and an organopolysi- 
loxane film having a maximum thickness of 1 urn to 
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1 mm formed on the surface of the substrate, 
wherein 

the organopolysiloxane film contains as es- 
sential ingredients at least one of a dialkylsiloxane 
represented by the following formula (4) and an ar- 
ylsiloxane (or substituted arylsiloxane) represented 
by the following formula (5), and (6) a fluoroalkylsi- 
loxane represented by the following formula (6): 



R 4 o Si0. 



2/2 



wherein R 4 is an aikyl group, 



R 5 Si0 3/2 



(4) 



(5) 



wherein R 5 is an aryl group or substituted ary! 
group, 
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R°SiO 



3/2 



(6) 



wherein R 6 is a fluorine-containing alkyl group. 



25 



7. The article of claim 6, wherein the organopolysi- 
loxane film contains 0 to 95 mol% of the dialkylsi- 
loxane. 0 to 95 mol% of the arylsiloxane (or substi- 
tuted arylsiloxane) and 5 to 70 mol% of the fluoro- 
alkylsiloxane based on the total number of mols of 
the dialkylsiloxane, arylsiloxane and fluoroalkylsi- 
loxane : with the proviso that the total amount of the 
dialkylsiloxane and the arylsiloxane (or substituted 
arylsiloxane) is 30 to 95 mol%. 

8. The article of claim 7, wherein the organopolysi- 
loxane film contains 30 to 60 mol% of the dialkylsi- 
loxane; 10 to 50 mol% of the arylsiloxane (or sub- 
stituted arylsiloxane) and 1 0 to 50 mol% of the f luor- 
oalkylsiloxane. 

9. The article of claim 6, wherein the organopolysi- 
loxane film contains the alkyl group of the dialkylsi- 
loxane, the aryl group (or substituted aryl group) of 
the arylsiloxane and the fluoroalkyl group of the 
fluoroalkylsiloxane in amounts of 5 to 25 wt%, 5 to 
40 wt% and 5 to 40 wt%, respectively. 

10. The article of any one of claims 6 to 9, wherein the 
organopolysiloxane film has concave and convex 
portions with a predetermined width of 1 to 500 urn 
and a predetermined height of 5 to 500 u.m on the 
surface. 
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consisting of a core portion for transmitting light, 
having a height of 5 to 30 ujti, a width of 5 to 30 ujtj 
and length extending along the surface of the orga- 
nopolysiloxane film and a clad portion surrounding 
the core portion and having a lower refractive index 
than the core portion, wherein 

the organopolysiloxane film contains at least 
one of a dialkylsiloxane represented by the follow- 
ing formula (7) and an arylsiloxane (or substituted 
arylsiloxane) represented by the following formula 
(8), and a fluoroalkylsiloxane represented by thefol- 
lowing formula (9) as essential ingredients: 



R gSiO^ 
wherein R 7 is an alkyl group, 
R 8 Si0 3/2 



(7) 



(8) 



wherein R 8 is an aryl group or substituted aryl 
group, 



R 9 SiO^ 

wherein R 9 is a fluorine-containing alkyl group. 



0) 



30 12. The optical waveguide element of claim 11 .wherein 
the organopolysiloxane film contains 0 to 95 mol% 
of the dialkylsiloxane, 0 to 95 mol% of the arylsi- 
loxane or substituted arylsiloxane and 5 to 70 mol% 
of the fluoroalkylsiloxane based on the total number 
of mols of the dialkylsiloxane, the arylsiloxane or 
substituted arylsiloxane and the fluoroalkylsi- 
loxane, with the proviso that the total amount of the 
dialkylsiloxane and the arylsiloxane or substituted 
arylsiloxane is 30 to 95 mol%. 



13. The optical waveguide element of claim 12, wherein 
the organopolysiloxane film contains 30 to 60 mol% 
of the dialkylsiloxane and 40 to 70 mol% of the fluor- 
oalkylsiloxane for the clad portion and 40 to 70 
mol% of the arylsiloxane or substituted arylsiloxane 
and 30 to 60 mol% of the fluoroalkylsiloxane for the 
core portion. 

14. The optical waveguide element of any one of claims 
11 to 13, wherein the core portion has a 0.002 to 
0.20 larger refractive index than the clad portion. 



11. An optical waveguide element which has a 10 ujti 
to 1 mm thick organopolysiloxane film formed on the 
surface of a substrate, the organopolysiloxane film 
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